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Chemical context
Since the discovery, in 2003, of the first lanthanide(III)-based single-ion magnets (SIM), namely (Bu 4 N)[LnPc 2 ] (H 2 Pc = phthalocyanine; Ln = Tb and Dy; Ishikawa et al., 2003) , a number of lanthanide(III) complexes have been prepared for magnetic studies because of their intrinsically high magnetic anisotropy barrier. Heterometallic 3d-4f single-molecule magnets (SMM) have also been sought, particularly in the early 2000s, mainly because of the possibility of improving magnetic response when compared to d-block-only metal complexes such as those of manganese(III), cobalt(II) and nickel(II) (Piquer & Sañ udo, 2015) .
Among the 3d-4f heterometallic systems of higher nuclearity, two tetranuclear compounds formulated as [M(-dto) 3 {Dy(HBpz 3 ) 2 } 3 ]Á4CH 3 CNÁ2CH 2 Cl 2 (M = Fe III or Co III ; HBpz À = hydrotris(pyrazolyl)borate; dto 2-= dithiooxalate) presented slow relaxation of the magnetization under applied magnetic field (Xu et al., 2012) . In this three-blade propeller ISSN 2056-9890 framework, the tris-chelate [M(dto) 3 ] 3-complex forms the central unit, which is bridged to the [Dy(HBpz 3 ) 2 ] + peripheral positions by the dithiooxalate ions. The lanthanide cations assume square-antiprismatic coordination environments while the d-block metal is octahedrally coordinated (Xu et al., 2012 ) as the bridging ligand. Direct current (DC) magnetic susceptibility measurements performed with this dimeric compound revealed the presence of an intramolecular ferromagnetic interaction between the Dy III cations (Xu et al., 2010) . Other oxalate-bridged lanthanide(III) complexes have also shown field-induced slow magnetic relaxation (Zhang et al., 2015) or weak (antiferro)magnetic exchange interactions (Feng et al., 2014) . In all cases mentioned above, the products were obtained by self-assembly in one-pot reactions, sometimes under hydrothermal conditions.
In our research group, we first attempted to prepare heterometallic complexes of general formula [M III (-ox) (Krishnamurty & Harris, 1960) , followed by interaction of the ox 2-anion with Gd(bbpen) + . Structural elucidation of this otherwise unexpected product prompted us to try and perform its targeted preparation with both gadolinium(III) and dysprosium(III) in good yields.
In this paper we report the rational synthesis and the crystal and molecular structures of the two binuclear and solvated [{Ln(bbpen)} 2 (-ox)] products [Ln = Gd (1) View of [{Gd(bbpen)} 2 (-ox)]Á4CH 3 OHÁ4H 2 O (compound 1), with the atom-numbering scheme. Hydrogen atoms have been omitted for clarity. Displacement ellipsoids are drawn at the 50% probability level Unlabelled atoms are generated by the symmetry operation Àx, Ày + 1, Àz + 1. by general inspection of atom positions and bond angles, and confirmed from the crystallographic data by the use of the SHAPE program (Llunell et al., 2005) . The average Ln-N bonds are ca 2.60 and 2.58 Å for 1 and 2, respectively, while the average Ln-O distances are ca 2.27 (1) and 2.24 Å (2). The non-bonding DyÁ Á ÁDy distance in 2, 6.1488 (17) Å , is close to the analogous distance of 6.14 Å in [Dy 2 (-ox Shannon, 1976) , and is in line with the lanthanide contraction. Structural representations provided in this paper are for compound 1; the dysprosium(III) product 2 gives rise to very similar results.
Supramolecular features
In both structures, the hydrogen atoms from the crystallizing solvents (water and methanol) participate in an extensive three-dimensional hydrogen-bonding network that may be described as medium-strength intermolecular interactions (Tables 1 and 2 ). The solvating (methanol and water) molecules, half of which refine well and are depicted in Fig. 3 , participate in intermolecular interactions with the dimeric complexes 1 and 2. As seen in Fig. 3 , one water and one methanol molecule are hydrogen-bonded to one another and to the phenolate oxygen atoms in the ligands, generating an O1Á Á ÁH-O30Á Á ÁH-O1W-HÁ Á ÁO2
iii 'bridge', as well as a symmetry-related chain on both sides of the plane formed by the metal and oxalate ions. The water molecules in these chains also connect one dimer to another through weak C1-H1BÁ Á ÁO1W
ii interactions ( Fig. 4 ; Tables 1 and 2 ).
The other half of the solvent molecules in the unit cell, the electron densities of which have been removed with the SQUEEZE routine in PLATON (Spek, 2015) because of being highly disordered, also contribute to the overall hydrogen-bonding network. This is inferred from the positions of the four main electron-density peaks, which have been assigned to oxygen atoms from the disordered solvents and may give rise to medium-strength to weak hydrogen-bond interactions. For 1, OÁ Á ÁO distances involving three of these peaks amount to 2.66-2.78 Å as far as OÁ Á ÁO1W contacts are 420 Table 1 Hydrogen-bond geometry (Å , ) for 1. Symmetry codes: (ii) Àx þ 1; Ày þ 1; Àz þ 1; (iii) Àx; Ày þ 1; Àz þ 1.
Table 2
Hydrogen-bond geometry (Å , ) for 2. concerned, with O1W acting as a potential electron-density acceptor, and are larger than 3.1 Å for OÁ Á ÁO30 (numbering scheme in Fig. 3 ). For 2, in turn, the corresponding distances are longer than for 1 at 2.88-3.84 Å for OÁ Á ÁO1W, and even larger (> 4.6 Å ) for OÁ Á ÁO30. On the other hand, any possible interaction involving the phenolate oxygen atoms would be very weak, with the shortest OÁ Á ÁO contact with the disordered solvents being longer than 4.0 Å .
Database survey
Examples of mononuclear lanthanide(III) complexes with bbpen 2-and related ligands appear in the literature (Molloy et al., 2017; Liu et al., 2016; Yamada et al., 2016; Gregó rio et al., 2015; Qin et al., 2014; Yamada et al., 2010; Morss & Rogers, 1997) . Binuclear structures with these hexadentate ligands have been reported by Chatterton et al. (2005) , and by Setyawati et al. (2000) .
Synthesis and crystallization
LnCl 3 Á6H 2 O (Ln III = Gd or Dy) and K 2 C 2 O 4 ÁH 2 O were purchased from Aldrich and used without purification. (Neves et al., 1992) and the [Ln(bbpen)Cl] precursors, with Ln = Gd or Dy (Liu et al., 2016) , were prepared using adapted procedures described in the literature. Methanol and diethyl ether (Vetec) were used without treatment. Ultrapure water (Milli-Q, Millipore type 1, resistivity of 18.2 M cm at 298 K) was employed as described below.
A solution of 8.11 mg (0.0440 mmol) of K 2 C 2 O 4 ÁH 2 O in 1.0 ml of water was slowly added to a methanol solution of 61.1 mg (0.0947 mmol) of [Gd(bbpen)Cl]. The colourless reaction mixture was stirred at room temperature for ca 5 min, and was then cooled down to 277 K to give block-shaped colourless crystals after four days. These were isolated by filtration, washed with diethyl ether and dried. A mixture of 61.0 mg (0.0938 mmol) of [Dy(bbpen)Cl] in 9.0 ml of methanol and 8.90 mg (0.0483 mmol) of K 2 C 2 O 4 ÁH 2 O in 1.0 ml of water was prepared as described for 1. The resulting solution was cooled at 277 K to produce colourless block-shaped crystals, which were recovered by filtration and washed with diethyl ether. 
Refinement
Crystal data, data collection and structure refinement details for the two structures are summarized in Table 3 . Both 1 and 2 showed high susceptibility to the loss of the crystallization solvent molecules once removed from the mother liquor. Hydrogen atoms in 1 and 2 were included in idealized positions with methyl, methylene and aromatic C-H distances set at 0.98, 0.99 and 0.95 Å , respectively, and O-H at 0.84 Å and refined as riding with U iso (H) = 1.2-1.5U eq (C,O). Hydrogen atoms on the water molecules were located in differenceFourier maps and were refined with distance restraints (DFIX O-H = 0.82 Å for 1 and 2, DANG = 1.45 Å for 2).
Both structures present four methanol and four water molecules per unit cell; two of each were treated as diffuse contribution to the overall scattering without specific atom positions and were eventually removed by the use of the SQUEEZE procedure in PLATON (Spek, 2015) . The proposed identity of these highly disordered molecules as '2H 2 O + 2MeOH' per unit cell finds support in the total calculated count of 58 and 59 electrons provided by SQUEEZE for 1 and 2, respectively, as compared with the expected count of 56 electrons. The volume of the void filled by the disordered solvent amounts to 269 and 260 Å 3 for 1 and 2, respectively, and corresponds to 16.0-16.5% of the unit cell, in very good agreement with the volume expected for small molecules such as water and methanol. The ratio between the total solvent-accessible void volume and the experimental electron count is of ca 4.5 Å 3 per electron. Computer programs: APEX3 (Bruker, 2015) , SAINT (Bruker, 2002) , SHELXT2015 (Sheldrick 2015a), SHELXL2017/1 (Sheldrick 2015b), ORTEP (Johnson, 1976 and Farrugia, 2012) , DIAMOND (Brandenburg, 2006) , SHELXL97 (Sheldrick, 2008) and WinGX (Farrugia, 1999 (Farrugia, , 2012 .
sup-1
Acta Cryst. 
Fernandes Soares Computing details
For both structures, data collection: APEX3 (Bruker, 2015 ); cell refinement: SAINT (Bruker, 2002) ; data reduction:
SAINT (Bruker, 2002 ); program(s) used to solve structure: SHELXT2015 (Sheldrick 2015a); program(s) used to refine structure: SHELXL2017/1 (Sheldrick 2015b); molecular graphics: ORTEP (Johnson, 1976 and Farrugia, 2012) and DIAMOND (Brandenburg, 2006) . Software used to prepare material for publication: SHELXL97 (Sheldrick, 2008) and
WinGX (Farrugia, 1999 (Farrugia, , 2012 for (1); SHELXL97 (Sheldrick, 2008) and WinGX (Farrugia, 1999 , Farrugia, 2012 for (2). Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 76.82 (6) C12-C11-C16 119.5 (2) O3-Gd1-N3
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